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PREFACE

This report was prepared by the Boeing Wichita Company, a division of
The Boeing Company, under Contract No. DNA 001-77-C-0166, P00002, and
documents the overall program description, test specimens and procedures,
test results, analysis results, observations, and conclusions. The work
was funded by the Defense Nuclear Agency and the Aeronautical Systems
Division and was performed under the following:

Program Element Project Task Area Work Unit

NWED 62704H N99QAXA E502 08
NWED 62704H N99QAXA J502 02
NWED 62704H Q56QAXA J502 02

Inclusive dates of research and development as documented herein were
June 1977 through September 1979.

Volumes I and II are associated with 16 basic structural elements. Volume
I summarizes the program description, test specimens and procedures, test
results, analysis results, and conclusions. Volume II contains photographs,
listings of NOVA-2 analysis models, and measured test data.

Volumes III and IV are associated with seven B-52 structural components.
Volume III summarizes the program description, test specimens and procedures,
test results, analysis results, and conclusions. Volume III is classified
SECRET. Volume IV contains photographs, listings of NOVA-2 analysis models,
and measured test data.

Mr. Kenneth L. Roger was the Program Manager for this task. Principal
investigator was Roger P. Syring.

Appreciation is expressed to Capt. Mike Rafferty (DNA/SPAS), Mr. Dudley Ward
(ASD/ENFTV), and Mr. Gerald Campbell (AFWL/DYV) for their interest and sup-
port of this program.
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NOMENCLATURE

AFWL Air Force Weapons Laboratory

ASD Aeronautical Systems Division

DNA Defense Nuclear Agency

IN Inches

LB Pound

NO Number

PSI Pounds per square inch

SEC Second

SPEC Specimen
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SPECIMEN NO. 18-21
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Si-1 (NEAR SIDE)
Si-2 (FAR SIDE)

WHERE,
i = 18,19,20,21

SPECIMENS 18-21

PIN-ENDED COLUMNS - 0.033 IN. THICK
10.0 IN. LONG
5.0 IN. WIDE

MATERIAL - 6061-T6 ALUMINUM ALLOY

DENSITY - 0.0002539 LB-SEC
2/IN4

YIELD STRESS - 42,200 PSI

ULTIMATE STRESS - 47,360 PSI

MODULUS OF ELASTICITY - 10.lx 106 PSI

Figure 1. Description and Instrumentation - Specimens 18-21
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NOVA-2LT DATA DECK LISTING
TEST SPECIMENS 18-21

1 GP 1
N N N NOVA-2LT DATA DECK FOR TEST SPECIMENS 18-21 N N N

1 10 100 2 1 GP 3
0.50 GP 4

2 3 3 1 1 GPB I
20 1 6 GPB 2

-0.5
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

5.0

5.5
6.0
6.5
7.0
7.5
8.0

~8.5
9.0

10.0
~9.5

0 GPB 8
0 GPB 12

0.0002539 GPB 13
0.9818 GPB 14
0.033 GPB 15
5.0 GPB 16

2 GPB 17
0.004178 42200. GPB 18
0.1188 47360. GPB 18
0.005 GPB 21
0.0 0.100 400.0 GPB 22

4 GP 6
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FIGURE 3. STATIC TEST SETUP - SPECIMENS 18-21
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TABLE 1

STATIC TEST STRESS DATA - SPECIMENS 18-21

(STRESSES GIVEN IN PSI)

STRAIN LOAD (POUNDS)
GAUGE 13.0 16.0 16.75 16.95 17.15

S18-1 -141. -10252. -27543. -32865. -

S18-2 -61. 10595. 28048. 33522. -

S19-1 -1183. -11047. -28254. -32885. -36037.

S19-2 960. 10996. 28825. 33691. 36995.

S20-1 -2376. -11903. -29147. - -39774.

S20-2 2071. 11783. 29136. - 40156.

S21-1 -1012. -9890. -25788. - -32872.

S21-2 902. 9798. 25843. - 33120.
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TABLE 2

, STATIC TEST DISPLACEMENT DATA - SPECIMENS 18-21 (VERTICALDISPLACEMENT IS DISPLACEMENT OF PISTON PARALLEL TO COLUMN

AXIS, AND LATERAL DISPLACEMENT IS MEASURED PERPENDICULAR TO
COLUMN AT ITS CENTER)

LOAD (POUNDL_
13.0 16.0 16.75 16.95 17.15

SPEC. 18
LATERAL 0.005 0.595 1.545 1.80

SPEC. 18
VERTICAL 0.0 0.095 0.610 0.850

SPEC. 19
LATERAL 0.055 0.580 1.555 1.770 1.930

SPEC. 19
VERTICAL 0.010 0.105 0.620 0.830 0.990

SPEC. 20
LATERAL 0.080 0.585 1.440 - 1.940

SPEC. 20
VERTICAL 0.005 0.100 0.450 1.020

SPEC. 21
LATERAL 0.055 0.590 1.550 1.940

SPEC. 21
VERTICAL 0.0 0.080 0.61,0 0.990

14
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FIGURE 5. SPECIMENS 18.21, EVENT 78-298, TUNNEL WALL INCIDENT
OVERPRESSURE TIME HISTORY
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FIGURE 6. SPECIMENS 18.21, EVENT 78-298, TUNNEL WALL REFLECTED
OVERPRESSURE TIME HISTORY
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FIGURE 7. SPECIMENS 18-21, EVENT 71-298, SPECIMEN REFLECTED
OVERPRESSURE TIME HISTORY
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FIGURE 8. SPECIMFNS 18-21, EVENT 78-298, SPECIMEN REFLECTED '
OVERPRESSURE TIME HISTORY
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FIGURE 11. SPECIMEN 18, EVENT 76-29, STRAIN TIME HISTORY
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FIGURE lS. SPECIMENS 111-21, EVENT 764162, TUNNEL WALL REFLECTED
OVERPRlESSlURE TIMdE HSTORY
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SPECIMEN NO. 22-23
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SI-i (NEAR SIDE)
S1-2 (FAR SIDE)

WHERE,I 1 
22,23

SPECIMENS 22-23

PIN-ENDED COLUMNS -0.028 IN. THICK
10.0 IN. LONG
5.0 IN. WIDE

MATERIAL -6061-T6 ALUMINUM ALLOY

DENSITY -0.0002539 LB-SEC2/IN4

YIELD STRESS - 41,180 PSI

ULTIMATE STRESS - 46,060 PSI

MODULUS OF ELASTICITY - 10.7 xl06 PSI

Figure 32. Description and Instrumentation - Specimens 22-23
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NOVA-2LT DATA DECK LISTING
TEST SPECIMENS 22-23

1 GP 1N N N HOVA-2LT DATA DECK FOR TEST SPECIMENS 22-23 N N N

1 10 100 2 1 GP 2
0.50 OP

2 3 3 11 GPB 1
20 1 6 GPD 2

-0.5
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

5.0
5.5

6.5

7.0
7.53.O
3.5

9.0
9.5
10.0

0 GPB 8
0 GPB 12

0.0002539 GPB 13
0.9818 GPB 14
0.028 GPB 15
5.0 GPB16

2 GPB 17
0.003849 41180. GPB 18
0.1150 46060. GPB 18
0.010 GPB 21
0.0 0.100 400.0 GPB 22

4 GP6
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TABLE 3

STATIC TEST STRESS DATA - SPECIMENS 22-23

(STRESSES GIVEN IN PSI)

STRAIN LOAD (POUNDS)
GAUGE 6.0 8.0 9.0 10.0 10.5

S22-1 -1498. -4986. -14991. -38852.

S22-2 1391. 5179. 15526. 40211. -

S23-1 396. 1252. 3445. 19196. 37899.

S23-2 -535. -1477. -3627. -19185. -37461.

TABLE 4

STATIC TEST DISPLACEMENT DATA - SPECIMENS 22-23 (VERTICAL
DISPLACEMENT IS DISPLACEMENT OF PISTON PARALLEL TO COLUMN
AXIS, AND LATERAL DISPLACEMENT IS MEASURED PERPENDICULAR
TO COLUMN AT ITS CENTER)

___i__ LOAD (POUNDS)
6.0 8.0 9.0 10.0 10.5

SPEC. 22
LATERAL 0.090 0.310 0.915 2.180

SPEC. 22
VERTICAL 0.015 0.035 0.240 1.450

SPEC. 23
LATERAL 0.035 0.090 0.220 1.160 2.150

SPEC. 23
VERTICAL 0.003 0.010 0.015 0.355 1.295
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FIGURE 44. SPECIMEN 22, EVENT 78.350, STRAIN TIME HISTORY
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FIGURE 47. SPECIMEN 23, EVENT ?0..360, STRAIN TIME HISITORY
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FIGURE49. SPECIMENS 22-23, EVENT 78-351,TUNNEL WALL REFLECTED
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FIGURE 50. SPECIMENS 22-23, EVENT 78-351, SPECIMEN REFLECTED
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FIGURE 52. SPECIMEN 22, EVENT 78-351, STRAIN TIME HISTORY
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PLC-TED- Va ±9S,'78 rJSE S26A n06 LEE -68316 50?99 Hn 4293 3628 LCL 3 3609.
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FIGURE 54. SPECIMEN 23, EVENT 78-351, STRAIN TIME HISTORY
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SI-I (NEAR SIDE)
Si-2 (FAR SIDE)

WHERE,
1 = 24,25

SPECIMENS 24-25

CLAMP-ENDED COLUMNS - 0.028 IN. THICK
10.0 IN. LONG
5.0 IN. WIDE

MATERIAL - 6061-T6 ALUMINUM ALLOY

DENSITY - 0.0002539 LB-SEC2/IN4

YIELD STRESS - 41,180 PSI

ULTIMATE STRESS - 46,060 PSI

MODULUS OF ELASTICITY - 10.7x 106 PSI

Figure 55. Description and Instrumentation - Specimens 24-25
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NOVA-2LT DATA DECK LISTING
TEST SPECIMENS 24-25

1 OP 1
w NOVA-2LT DATA DECK FOR TEST SPECIMENS 24-25 w

1 10 100 2 1 GP 31
0.50 OP 4'

2 2 2 1 1 GPB 1;
20 1 6 GPB 2

0.0 -0.5 GPB 5-
0.0 0.0 GPB 6-
0.0 0.5 GPB 6
0.0 1.0 GPB 6
0.0 1.5 GPB 6
0.0 2.0 GPB 6
0.0 2.5 GPB 6
0.0 3.0 GPB 6
0.0 3.5 GPB 6
0.0 4.0 GPB 6
0.0 4.5 OP6 6
0.0 5.0 GPB 6
0.0 5.5 GPB 6
0.0 6.0 GPB 6
0.0 6.5 GPB 6
00 7.0 GPB 6
0.0 7.5 GPB 6
0.0 8.0 GPB 6
0.0 8.5 GPB 6
0.0 9.0 GPB 6
0.0 9.5 GPB 6
0.0 10.0 GPB 7

0 GPB 8
0 GPB 12

0.0002539 GPB 13
0.9818 GPB 14
0.028 GPB 15
5.0 GPB 16

2 GPB 17
0.003849 41180. GPB 18
0.1150 46060. GPB 18
0.010 GPB 21
0.0 0.040 100.0 GPB 22

4 GP 6
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TABLE 5

STATIC TEST STRESS DATA - SPECIMEN 24

(STRESSES GIVEN IN PSI)

STRAIN LOAD (POUNDS)
GAUGE 4.5 . 11.5 18.5 22.5 24.0

S24-1 -2001. -7608. -16617. -26397. -30645.

S24-2 1926. 7244. 15911. 25402. 29554.

TABLE 6

STATIC TEST DISPLACEMENT DATA - SPECIMEN 24 (VERTICAL
DISPLACEMENT IS DISPLACEMENT OF PISTON PARALLEL TO
COLUMN AXIS, AND LATERAL DISPLACEMENT IS MEASURED
PERPENDICULAR TO COLUMN AT ITS CENTER)

LOAD (POUNDS)
4.5 11.5 18.5 22.5 24.0

SPEC. 24
LATERAL 0.065 0.220 0.475 0.745 0.860

SPEC. 24
VERTICAL 0.015 0.070 0.185 0.350 0.440
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TABLE 7

STATIC TEST STRESS DATA - SPECIMEN 25

(STRESSES GIVEN IN PSI)

STRAIN LOAD (POUNDS
GAUGE 32.1 i ,.34.1 36.1 38.1 38.3

S25-1 856. 1423. 2878. 19677. 27413.

S25-2 -1434. -2065. -3563. -20266. -27948.

TABLE 8

STATIC TEST DISPLACEMENT DATA - SPECIMEN 25 (VERTICAL
DISPLACEMENT IS DISPLACEMENT OF PISTON PARALLEL TO
COLUMN AXIS, AND LATERAL DISPLACEMENT IS MEASURED
PERPENDICULAR TO COLUMN AT ITS CENTER)

LOAD (POUNDS)
32.1 34.1 36.1 38.1 38.3

SPEC. 25
LATERAL 0.035 0.050 0.095 0.640 0.880

SPEC. 25
VERTICAL 0.003 0.005 0.007 0.105 0.195
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SPECIMEN NO. 26-27
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Si-1 (NEAR SIDE)
Si-2 (FAR SIDE)

WHERE,
I = 26,27

LJJ

SPECIMENS 26-27

PIN-ENDED COLUMNS - 0.025 IN. THICK
10.0 IN. LONG
5.0 IN. WIDE

MATERIAL - 6061-T42 ALUMINUM ALLOY

DENSITY - 0.0002539 LB-SEC
2/IN4

YIELD STRESS - 25,310 PSI

ULTIMATE STRESS - 38,760 PSI

MODULUS OF ELASTICITY - 10.85x 106 PSI

Figure 79. Description and Instrumentation - Specimens 26-27
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NOVA-2LT DATA DECK LISTING
TEST SPECIMENS 26-27

1 GP 1
N N N NOVA-2LT DATA DECK FOR TEST SPECIMENS 26-27 N N N

1 10 100 2 1 GP 3
0.50 GP 4

2 3 3 1 1 GPB 1
20 1 6 GPB 2

-0.5
0.0
0.51.0

1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

10.0 0 GPB 8
0 GPB 12

0.0002539 GPB 13
0.9818 GPB 14
0.025 GPB 15
5.0 GPB 16

2 GPB 17
0.002333 25310. GPB 18
0.200 38760. GPB 18
0.002 GPB 21
0.0 0.100 400.0 GPB 22

4 GP6
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TABLE 9

STATIC TEST STRESS DATA - SPECIMENS 26-27

(STRESSES GIVEN IN PSI)

STRAIN LOAD (POUNDS)
GAUGE 6.3 6.7 7.0 7.2 7.4

S26-1 1310. 3322. 11017. 13943. 41490.

S26-2 -1447. -3255. -10395. -13232. -40711.

S27-1 -208. -396. -312. -604. -21706.

S27-2 115. 270. 188. 447. 22132.

TABLE 10

STATIC TEST DISPLACEMENT DATA - SPECIMENS 26-27
(VERTICAL DISPLACEMENT IS DISPLACEMENT OF PISTON
PARALLEL TO COLUMN AXIS, AND LATERAL DISPLACEMENT
IS MEASURED PERPENDICULAR TO COLUMN AT ITS CENTER)

LOAD (POUNDS)
6.3 6.7 7.0 7.2 7.4

SPEC. 26
LATERAL 0.085 0.210 0.695 0.870 2.310

SPEC. 26
VERTICAL 0.009 0.015 0.120 0.200 1.560

SPEC. 27
LATERAL 0.015 0.025 0.020 0.040 1.490

SPEC. 27
VERTICAL 0.0 0.0 0.0 0.0 0.555
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FIGURE 81. SPECIMENS 26-27, EVENT 7-349, SPECIMEN REFLECTED

OVERPRESSURE TIME HISTORY
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SPECIMEN ON. 28-29
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i

Si-1 (NEAR SIDE)
Si-2 (FAR SIDE)

WHERE,
1 28,29

SPECIMENS 28-29

CLAMP-ENDED COLUMNS - 0.025 IN. THICK
10.0 IN. LONG
5.0 IN. WIDE

MATERIAL - 6061-T42 ALUMINUM ALLOY

DENSITY - 0.0002539 LB-SEC2/IN4

YIELD STRESS - 24,940 PSI

ULTIMATE STRESS - 38,685 PSI

MODULUS OF ELASTICITY - 10.25x 106 PSI

FIGURE 96. Description and Instrumentation - Specimens 28-29
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NOVA-2LT DATA DECK LISTING
TEST SPECIMENS 28-29

IGP

N N N NOVA-2LT DATA DECK FOR TEST SPECIMENS 28-29 N N N
1 10 100 2 1 GP 3

0.50 GP 4
2 2 2 1 1 GP8 1

20 1 6 GPB 2
0.0 -0.5 GPB 5
0.0 0.0 GPB 6
0.0 0.5 GPB 6
0.0 1.0 GPB 6
0.0 1.5 GPB 6
0.0 2.0 GPB 6
0.0 2.5 GPB 6
0.0 3.0 GPB 6
0.0 3.5 GPB 6
0.0 4.0 GPB 6
0.0 4.5 GPB 6
0.0 5.0 GPB 6
0.0 5.5 GPB 6
0.0 6.0 GPB 6
0.0 6.5 GPB 6
0.0 7.0 GPB 6
0.0 7.5 GPB 6
0.0 8.0 GPB 60.0 8.5 GPB 6
0.0 9.0 GPB 60.0 9.5 GPB 6
0.0 10.0 GPB 7

0 GPB 8
0 GPB 120.0002539 GPB 13

0.9818 GPB 14*
0. 025 GPB 15
5.0 GPB 16

2 GPB 17
0.002433 24940. GPB 18
0.1950 38685. GPB 18
0. 003 GPB 21
0.0 0.040 100.0 GPB 22

4 GP 6
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TABLE 11

STATIC TEST STRESS DATA - SPECIMEN 28

(STRESSES GIVEN IN PSI)

STRAIN LOAD (POUNDS)
GAUGE 26.0 27.0 27.5 27.9 28.2

S28-1 1061. 3060. 9474. 15069. 20766.

S28-2 -1586. -3454. -9534. -15049. -20655.

TABLE 12

STATIC TEST DISPLACEMENT DATA - SPECIMEN 28
(VERTICAL DISPLACEMENT IS DISPLACEMENT OF PISTON
PARALLEL TO COLUMN AXIS, AND LATERAL DISPLACEMENT
IS MEASURED PERPENDICULAR TO COLUMN AT ITS CENTER)

LOAD (POUNDS) ____
26.0 27.0 27.5 27.9 28.2

SPEC. 28 0.045 0.115 0.350 0.560 0.765
LATERAL

SPEC. 28 0.005 0.010 0.030 0.075 0.140
VERTICAL
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TABLE 13

STATIC TEST STRESS DATA - SPECIMEN 29

(STRESSES GIVEN IN PSI)

STRAIN LOAD (POUNDS)
GAUGE 22.4 23.8 I 25.3 26.6 26.9

S29-1 2652. 3900. 7145. 15132. 21143.
S29-2 -3203. -4472. -7935, -17025. -23878.

TABLE 14

STATIC TEST DISPLACEMENT DATA - SPECIMEN 29
(VERTICAL DISPLACEMENT IS DISPLACEMENT OF PISTON
PARALLEL TO COLUMN AXIS, AND LATERAL DISPLACEMENT
IS MEASURED PERPENDICULAR TO COLUMN AT ITS CENTER)

LOAD (POUNDS)
22.4 23.8 25.3 26.6 26.9

SPEC. 29 0.085 0.125 0.250 0.555 0.780
LATERAL

SPEC. 29 0.005 0.008 0.010 0.075 0.150
VERTICAL _
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FIGURE 102. SPECIMEN 28, EVENT 78-357, STRAIN TIME HISTORY
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FIGURE 103. SPECIMEN 29, EVENT 78-357, STRAIN TIME HISTORY
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SPECIMEN NO. 30
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7- BOX HOLDING FIXTURE

.S030-5

I S30-4 -OUTPANEL c I S30-6-IN

PANEL La

S30-1 - OUT
S30-2-IN

I I

4/P30 8  LS30- ZP307

SPECIMEN NO. 30

BACK SIDE OF BOX HOLDING FIXTURE ONLY

FLAT UNSTIFFENED PANEL - 0.039 IN. THICK22.0 IN. SQUARE

FOUR SIDES CLAMPED

MATERIAL - 6061-T6 ALUMINUM ALLOY

DENSITY - 0.0002539 LB-SEC2/IN4

POISSON'S RATIO - 0.33

MODULUS OF ELASTICITY - 11.7x 106 PSI

SHEAR MODULUS - 3.8x 106 PSI

YIELD STRESS - 38,360 PSI

ULTIMATE STRESS - 46,790 PSI

Figure 107. Description and Instrumentation - Specimen No. 30

17 .'.. . . .. .



TO 

I

.." . ." . .- .+,++

isIIltI,

i1 i Ii

IN +

++I, !,.++! 1

F!II tI E

") , ,,, \! 1++a

I I o I-

++)

I,.._,

+ + 
+  + t+. + + + + + +

+-- 4 + + - +4 -- +# :

+ i .......... " ... . . + +

+1 iit9"
., 5+t 55! ~ ..iI ii + ,
++ I '. !li - j .: l++

l iil I is misl f a

I-III A co@

++! ~iii, +

I:

+40.1



NOVA-2LT DATA DECK LISTING
TEST SPECIMEN 30

1 GP 1
X HOVA-2LT DATA DECK FOR TEST SPECIMEN 30 W M N

1 1 101 2 2 GP 3
0.50 GP 4

7 7 15 15 4 GPP 1
0 1 2 GPP 2

24 GPP 3
2 7 GPP 4
3 5 GPP 4
3 6 GPP 4
3 7 GPP 4
4 4 GPP 4
4 5 GPP 4
4 6 GPP 4
4 7 GPP 4
5 3 GPP q
5 4 GPP 4
5 5 GPP 4
5 6 GPP 45 7 GPP4
6 3 GPP4

6 4 GPP 4
6 5 GPP 4
6 6 GPP 4
6 7 GPP 4
7 2 GPP 4
7 3 GPP 4
7 4 GPP 4
7 5 GPP 4
7 6 GPP 4
7 7 GPP 4
1 GPP 5

22.0 22.0 GPP 60.039 .0002539 11.7 E+06 GPP 11

0.33 38360. 6F48 E+040.15 GPP 12
0.0 0.0 0.0 0.0 0.0 0.0 GFP 13
0.0 0.0 0 0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13

S0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
,0.0 0.0 0.0 0.0 0.0 0.0 GPP 13

0.0 0.0 0.0 0.0 0.0 0.0 GPP 13

0.0 GPP 13
0.0 0.005 25.0 GPP 14
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TABLE 15

STATIC TEST DATA - SPECIMEN 30

(STRESSES GIVEN IN PSI)

STRAIN STATIC PRESSURE (PSI)
GAUGE 1.03 2.05 3.07

S30-1 1415. 3380. 5201.

S30-2 3725. 6405. 8802.

S30-3 18238. 30238. 40427.

S30-4 11357. 18369. 24107.

S30-5 19853. 32195. 42581.

S30-6 -7773. -11725. -14824.

TABLE 16

STATIC TEST DISPLACEMENT DATA - SPECIMEN 30
(DISPLACEMENT MEASURED AT CENTER OF PANEL)

STATIC PRESSURE (PSI)

1.03 2.05 3.07

DISPLACEMENT 0.191 0.270 0.324
(INCHES)
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z1

2

.400 410 420 420 440 450 460 470 480 49) 50
TIr: IN SECONDS

0 ,NNiEL ID P6026

FIGURE 123. SPECIMEN &', EVENT T231, TUNNEL WALL IRCIDENT
OVERPREBS-qtE nTI HiTORY

1,4g

1.2

-2.

.4W0 .0 .420 420 .440 414) 460 470 480 490 500

TIME0 IN SECONDS

FIGURE 124. SPECIMEN 30, EVENT 76-325, TUNNEL WALL REFLECTED
OVERPRESSURE TIME HISTORY
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44 A.o 420 4:0 440 450 40 470 4.1 490 !00

TIME IN SECONDS

CHM'NEL ID~ PI0'±

FIGURE. 125. SPECIMEN 30, EVENT 76-335, SPECIMEN REFLECTED
OVERPRESSURE TIME HISTORY
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40) 410 420 .4 0 44,- 450 40 470 4 ,: 490 5 0

FIGURE 126. SPECIMEN 30, EVENT 78-335, STRAIN TIME HISTORY
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FIGURE 128. SPECIMEN 30, EVENT 76-335, STRAIN TIME HISTORY
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4W 410 420 410 440 450 460 470" 480 49 M-

TIME IN SECOND$

CHANNEL 1[ l.02C9

FIGURE 129. SPECIMEN 30, EVENT 7S.335, STRAIN TIME HISTORY

1000

400 .410 420 432) 440 4U) 4E . ,170 4 0 .0 5",

TIME IN SECONDS

CH4ANNEL cD -20-:4
FIGURE 130. SPECIMEN 30, EVENT 76-335, STRAIN TIME HISTORY
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TitlE in 1SECONDS

CW4FNNL IL. ::U-4'

FIGURE 121. SPECIMEN 20, EVENT 76-M.5 STRAIN TIME HISTORY
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4v 4120 ':.: 4:r 440 4,7C 47 4': 40

FIGURE 122. SPECIMEN 30, EVENT MS335, STRAIN TIME HISTORY
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400 410 420 420 440 450 460 470 4S0 490 50

TII E IN SECONDS

CKA~NNEL 10 !-Z6

FIGURE 133. SPECIMEN 30, EVENT 78-335, STRAIN TIME HISTORY
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400 410 420 ,420 440 450 460 470 480 420 500

TIME I EE -, E

CHRIIIEL ID D0910

FIGURE 134. SPECIMEN 30, EVENT 78-335, DEFLECTION TIME HISTORY
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r7 2?0 400 410 420 4Z0 440 450 46C0

Tilt4s It FECONO

FIGURE 135. SPECIMEN 30, EVENT 78-336, TUNNEL WALL INCtENT

OVERPRESSURE TIME HISTORY
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2 0

-. 4

2F Z70 ::A) 3.0 .46 410 420 411, 440 4!A 40

TIMIE IN SE00WII

".,HtjEL ID ;TE016

FIGURE 136. SPECIMEN 30, EVENT 78-336, TUNNEL WALL REFLECTED

OVERPRESSURE TIME HISTORY
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FIGURE 137. SPECIMEN 30, EVENT 7811,6 SPECAN IME REFLETEDY
OVEPRSSRETIE1 ISOR
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400

-200

360 370 30 30 400 410 420 430 .440 .450 .460
TIME IN SECWNS
CHANNEL 1D M303

FIGURE 139. SPECIMEN 30, EVENT?78-33, STRAIN TIME HISTORY

360 '370 380 .390 400 .410 420 430 440 4%0 460
TIME IN SEONDS

CHANNEL 1D S302AS

FIGURE 140. SPECIMEN 30, EVENT 78-330, STRAIN TIME HISTORY
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iO 370 3Z?0 390 400 41 42 Z 40 45 46

CHNE DS302r?

FIGURE 141. SPECIMEN 30, EVENT 7&.336, STRAIN TIME HISTORY

360 270 3so s9 400 410 420 40 40 4r 6
TIME IN SECAtNCS
CHFRlIEL ID S30-34

FGR14.SPECIMEN 30, EVENT 76-336, STRAIN TIME HISTORY
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I FIGURE 14. SPECIMEN 30, EVENT 78-3M1, S1TRAIN TIME HISTORY
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.360 .370 .380 350 .400 .4i0 .420 430 440 450 .'460*

TIMlE IN SECMO"

CWtft 10 D30107

FIGURE 141. SPECIMEN 30, EVE-NT 76-M3, DTEFINCTIONME HISTORY
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-1. 0

TIME.1 INWO

CI6.WNEL ID P6026
FIGURE 14?. SPECIMEN 30, EVENT ?4-3=. TUNNEL WALL INCIDENT

OVERPRESSURE TIME HISTORY

-Z. 0

260 2703 280 290 3-f) 210 .220 310 .240 .350 3Si 370
TIME IN SECONDS
CHANNEL ID6 PT603C

FIGURE 1M. SPECIMEN 30; EVENT 78-338, TUNNEL WALL REFLECT90
OVERPRISSURE TIM HSTORY
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TIME IN~ SECONOT

CHRNNEL 10 P3207±1
FIGURE 149. SPECIMEN 30, EVENT 764118, SPECIMEN REFLECTED

OVERPRESSURE TIME HISTORY
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TIIIO IN SECMD3'
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FIGURE 150. SPECIMEN 30, EVENT 78-338, STRAIN TIME HISTORY
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FIGURE 15. SPECIMEN 20, EVENT 76-33, STRAIN TIME HISTORY
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FIGURE 163. SPECIMEN 30, EVENT 78-M.6 STRAIN TIME HISTORY
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260 .270 .280 290 .300 30 320 330 340 350 360 370
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CHAiNNEL ID4 S30-34

FIGURE 164. SPECIMEN 30, EVENT 76-331, STRAIN TIME HISTORY
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FIGURE 166. SPECIMEN 30, EVENT 78-33S, 11TRAIN TIME HISTORY
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CHA~NNEL ID 1:0-67

FIGURE 157. SPECIMEN 30, EVENT 711-M, STRAIN TIME ISTORY
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SPECIMEN NO. 31
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BOX HOLDING FIXTURE

$S31-5

I I
I I

I IS31-4-0OUT
PANEL- C SaI 31-6 -IN

S31-1- OU
I $S31-2 - INI

L I

318 S31-3

SPECIMEN NO. 31V

>BACK SIDE OF BOX HOLDING FIXTURE ONLY

FLAT UNSTIFFENED PANEL - 0.062 IN. THICK

22.0 IN. SQUARE

FOUR SIDES CLAMPED

MATERIAL - 6061-T6 ALUMINUM ALLOY

DENSITY - 0.0002539 LB-SEC
2/IN4

POISSON'S RATIO - 0.33

MODULUS OF ELASTICITY - 10.6x 106 PSI

SHEAR MODULUS - 3.8x 106 PSI

YIELD STRESS - 42,330 PSI

ULTIMATE STRESS - 47,840 PSI

Figure 158. Description and Instrumentation - Specimen No. 31
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NOVA-2LT DATA DECK LISTING
'TEST SPECIMEN 31

1 GP 1
N N N IOVA-2LT DATA DECK FOR TEST SPECIMEN 31 N N K

1 1 101 2 0 GP 3
0.50 GP 4

7 7 15 15 4 GPP 1
0 1 2 GPP 2

24 GPP 3
2 7 GPP 4
3 5 GPP 4
3 6 GPP 4
3 7 GPP 4
4 4 GPP 4
4 5 GPP 4
4 6 OPP 4
4 7 GPP 4
5 3 GPP 4
5 4 GPP 4
5 5 GPP 4
5 6 GPP 4
5 7 GPP 4
6 3 GPP 4
6 4 GPP 4
6 5 GPP 4
6 6 GPP 4
6 7 GPP 4
7 2 GPP 4
7 3 GPP 4
7 4 GPP 4
7 5 GPP 4
7 6 GPP 4
7 7 GPP 4
1 GPP 5

22.0 22.0 GPP 6
0.062 .0002539 10.6 E+06 GPP 11
0.33 42330. 5.51 E+040.12 GPP 12
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 0.0 0.0 0.0 0.0 0.0 GPP 13
0.0 GPP 13
0.0 0.005 25.0 GPP 14
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TABLE 17

STATIC TEST STRESS DATA SPECIMEN 31

(STRESSES GIVEN IN PSI)

STRAIN STATIC PRESSURE PSI) -
GAUGE 1.01 1.53 2.02 2.52 3.05 3.21

S31-1 718. 1343. 1909. 2472. 3026. 3160.

S31-2 3693. 4813. 5775. 6669. 7517. 7750.

S31-3 13864. 18493. 22455. 26180. 29738. 30726.

S31-4 10282. 13685. 16565. 19242. 21777. 22479.

S31-5 14994. 19909. 24098. 28036. 31761. 32785.

S31-6 -6450. -8378. -9984. -11472. -12852. -13233.

TABLE 18

STATIC TEST DISPLACEMENT DATA - SPECIMEN 31
(DISPLACEMENT MEASURED AT CENTER OF PANEL)

STATIC PRESSURE (PSI)

1.01 1.53 2.02 2.52 3.05 3.21

DISPLACE-
-MENT
(INCHES) 0.179 0.217 0.246 0.272 0.295 0.301
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20

-- j-

.360 .270 380 390 400 410 420 40 .440 450 460

TIME IN SECOND$

CHANNEL 10 P6026

FIGURE 162. SPECIMEN 31, EVENT 7S-339, TUNNEL WALL INCIDENT
OVERPRESSURE TiMlE HISTORY

.6

o

360 270 .180 390 400 410 .420 430 440 ,450 460

TIME IN SEC&4DS
CH.NEL ID P76036

FIGURE 163. SPECIMEN 31, EVENT 78-339, TUNNEL WALL REFLECTED
OVERPRESSURE TIME HISTORY
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300

,36.0 370 .380 390 .400 A4I0 420 430 440 450 460
TIME IN SECOND'S

CMINEL I 310 ~±2
FIGURE 164. SPECIMEN 31, EVENT 784339, STRAIN TIME HISTORY

200

36 0 370 290 400 410 420 430 440 .4SO 460

TIME IN SECONDS

CHOJ&NL 10, S3i110

FIGURE 165. SPECIMEN 31, EVENT 76-339, STRAIN TIME HISTORY
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'0 ~037 0 390 400 410 4Z0 4:0 440 450 400k

TIME IN SUMSN0
CHANNEL ID S21203

FIGURE 166. SPECIMEN 31, EVENT 76-339, STRAIN TIME HISTORY
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-00

.0 6 37 9 0 10 42 3 4 5 6

-400-

00a

jo0 .370 3 90 400 .410 420 410 440 47.0 460
TIME IN SECODS

CKINNEL IIb Si-4

FIGURE '169 SPECIMEN 31, EVENT 76-39, STRAIN TIME HISTORY
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400

_400

360 370 3SO .390 400 .410 420 430 440 450 46

T114E IN SECONDS

CHK?*1EL ID S21-56

FIGURE 170. SPECIMEN 31, EVENT 78-339. STRAIN TIME HISTORY

400

200

-200

.360 370 300 3?0 400 410 420 420 440 490 460

TIME IN SCONDS

CHI?EL ID' M3-67

FIGURE '171. SPECIMEN 31, EVENT 76-339, STRAIN TIME HISTORY

139



04

04

360 270 230 U. 4DO 410 420 4.D 440 450 4tO

CiNNtEL 1C' EC'Z10

FIGURE 172. SPECIMEN 31, EVENT 78-339, DEFLECTION TIME HISTORY

7 K
4

-2,

400 410 420 420 440 450 4PQ 470 4M 400 500o
TIM E Itl SECWDJC

CW0111EL IC, E2

FIGURE 173. SPECIMEN 31, EVENT 76-342, TUNNEL WALL INCIDENT
OVERPRESSURE TIME HISTORY
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TIME IN SEC4 DS

CHIN'IEL ID FT iK_6

FIGURE 174. SPECIMEN 31, EVENT 71-342, TUNNEL WALL REFLECTED
OVERPRESSURE TIME HISTORY
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FIGURE 175, SPECIMEN 31, EVENT 78.342, STRAIN TIME HISTORY
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200,

TIM INECND

LHRNEL 10 S311C3

FIGURE 171. SPECIMEN 31, EVENT 711.342, STRAIN TIME HISTORY
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400 41 42) 40 40 5 6 70 4 9 0

400 410 420 .40 440 450 460 470 4W .490 50
TIME~ IN SECONDS
CHARNNEL ID S31-C4

FIGURE 179. SPECIMEN 31, EVENT 715-U2, STRAIN TIME HISTORY
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400 .410 4,Cl 4:0 440 450 4CO 470 4eo 500

TIME~ iN SKONDS~

FIGURE 160. SPECIMEN 31, EVENT 78-342, STRAIN TIME HISTORY

1000

-:000'

400 4JQ 420 440 . 45 0 4 0 470 4 * 5"

FIGURE 181, SPECIMEN 31, EVENT 78-342, STRAIN TIME HISTORY
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-^,Do

2400

4W 4W0 420 420 .440 450 460 470 4SO 4*0 500

Tr I 1 SECONDS

CM411EL ID 121-67

FIGURE 182. SPECIMEN 31, EVENT 78-342, STRAIN TIME HISTORY

~20

10

400 410 420 410 440 450 460 470 4Sf 490 500
TIME IN4 SECONDS
CHNINtEI. ID '110

FIGURE 183. SPECIMEN 31, EVENT 78-342, DEFLECTION TIME HISTORY
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.4 , -

-4

.310 .360 370 .30 390 400 .410 420 430 440 .450 460

TIME IN4 SECOND0S

CHNEL ID P60'M

FIGURE 164. SPECIMEN 31, EVENT 78-343, TUNNEL WALL INCIDENT
OVERPRESSURE TIME HISTORY

2 0

350 .360 TIM3 40 410 420 430 440 450 460

CHAZINEL ID' FTE03t6

FIGURE 165. SPEIMEN 31, EVENT 78.343, TUNNEL WHALL REFLECTED
OVERPRESSURE TIME HISTORY4
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250

.350 360 270 3.10 390 400 410 ,420 430 440 450 460
TIMlE IN SECONDS

CNHtNNEL 10 5311fs2

FIGURE 186. SPECIMEN 31, EVENT 78-343. STRAIN TIME HISTORY

-250

.30 360 .370 :e0 .390 .400O 41.0 420 .430 440 450 460
TIME IIN SECEOD
CKANNEL ID S211C3

FIGURE 187. SPECIMEN.31, EVENT 76-343, STRAIN TIME HISTORY

147



4200

50 30 370 3-00 390 400 4±0 420 430 440 450 460

TIMiE IN~ SECO14DS

CMiEl. ID $322 i

FIGURE 186. SPECIMEN 31, EVENT 78-343. STRAIN TIME HISTORY

400

-200

35 0 370 300 39 400 410 42Z., 430 440 4 SO 440

TIME0 III 0Efelt

CHRNNJEL 1D 31l2p0

FIGURE 169. SPECIMEN 31, EVENT 79.343, STRAIN TIME HISTORY
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3m0

2000

0

3$0. -. :70 380 390~ 400 410 420 420 1,1 45A 460
TIME IN SECONOS

CHA411IEL ID~ S:1-34

FIGURE 190. SPECIMEN 31, EVENT 78-343, STRAIN TIME HISTORY

2000

1< 1000

3 30 770 390 390 00 0 42r) 430 440 450 4EA3

FIGURE 191. SPECIMEN 31, EVENT 78-343, STRAIN TIME HISTORY
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22

-1000

350 .30 370 300 30 400 410 420 420 440 4$0 460
TIME IN SECONDO3

CiIiJEL ID $31-5;5

FIGURE 192. SPECIMEN 31, EVENT 78-343, STRAIN TIME HISTORY

-800

40 0 A "c.i 37 A ' 9 ( 1 20 4O 40 45 6

C~tE ID S31-67

FIGURE 193. SPECIMEN 31, EVENT 78-343, STRAIN TIME HISTORY
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I0 V :.. .. ...

- 10

-0

2650 3 0 3 2 20 400 Z10 420 430 440 450Zen

TIE IN SECONODS

C46F111EL ID P01±1

FIGURE 194. SPECIMEN 31, EVENT 76-34.3, DEFLECTION TIME HISTORY

FIGURE 195, SPECIMEN 31, EVENT 76-344, TUNNEL WALL INCIDENT
OVERPRESSURE TIME HISTORY
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i~o 27-1 2-020 '0 Z0 : 4 1 :5
TIMlE IN CtttF

400

-409 ~4 t~(

21*0 270 IS0 2 0 1l0 3±0 ~20 :o 40 0 20

TltE INl 'ECQl4K
CHANttNEL ID S ,Iltf -

FIGURE 197. SPECIMEN 31, EVENT 78-344, STRAIN TIME HISTORY
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260 270 210 0 310 320 33A -40 i0 3
TIM~E IIN -L6U01

CKIRIEL ID sZ1c:

FIGURE 198. SPECIMEN 31, EVENT 78-344, STRAIN TIME HISTORY
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4z

2000

:.60 270 280 .290 zoo 310 320 330 .340 350 360
TIME IN SECONDS
CHIEL 10 8312C9

FIGURE 200. SPECIMEN 31, EVENT M8344, STRAIN TIME INSTORY

±0000 % J!

2000

0

20 270 200 290 300 310 320 330 340 350 360

TRtE IN SECONDS

CH#E 0 SIL-34

FIGURE 201. SPECIMEN 31, EVENT 78-34", STRAIN TIME HISTORY7 1514



260 ~270 ;.SO 2so 300 310 X30 230 340 350 360
TIME IN SECSNDS
CWHNEL 10 S31-45

FIGURE 202 SPECIMEN 31, EVENT 745-344, STRAIN TIME HISTORY

2000
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.20 270 230 200 .300 31.0 320 339 240 '3510 3m
TIMS IN S0EMIDS
CMM~IEL ID S31-56

FIGURE 2W3. SPECIMEN 31, EVENT 76-344, STRAIN TIME HISTORY'~1 155



1000
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IVf

-20W0

260 270 250 .K' 3V 310 210 30 340 O ..0
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FIGURE 204. SPECIMEN 31, EVENT 78-34, STRAIN TIME HISTORY
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SPECIMEN NO. 32
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A: b S32-13

S32-1 - b P32-15 S32-19

P32% I-I '-S3I I

" S32-10 S32-23U P3S32-6

II
S32S32-16

Ii P32-8S3

'1 S- 2- \ $322

SPECIEIN .3

I DTAIL- I TALLO

It'

S32- III

NI - 00 L32-2

SPECIMEN NO. 32

SKIN/FRAME CYLINDER (24.0 IN. RADIUS)

FRAME CLAMPED AT TWO DIAMETRICALLY OPPOSITE POINTS

MATERIAL -6061-1742 ALUMINUM ALLOY

DENSITY -0.0002539 LB-SEC2/IN4

MODULUS OF ELASTICITY - 11.4 x106 PSI

YIELD STRESS - 19,990 PSI

ULTIMATE STRESS - 38,470 PSI

The skin was bonded to the frame and was not included
in the cross-section due to lack of shear transfer

Figure 205. Description and Instrumentation - Specimen No. 32
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NOVA-2LT DATA DECK LISTING
TEST SPECIMEN 32

1 GP1

N N N NOVA-I2LT DATA DECK FOR TEST SPECIMEN 
32 G 1 N

1 7 100 2 1 GP 3
0.50 GP 4

2 2 5 1 1 1 GPB 1
18 3 6 GPB 2

22.96 1.30 GPB 5
22.90 2.10 GPB 6
22.77 3.22 GPB 6
22.42 5.13 GPB 6
21.91 6.99 GPB 6
21.25 8.81 GPB 6
21.13 10.17 GPB 6
19.92 11.50 GPB 6
19.12 12.78 GPB 6
17.75 14.63 GPB 6
16.26 16.26 GPB 6
14.63 17.75 GPB 6
12.78 19,13 GPB 6
11.50 19.92 GPB 6
9.39 21.0 GPB 6
7.59 21.71 GPB 6
5.75 22.27 GPB 6
3.85 22.68 GPB 6
1.93 22.92 GPB 6
0.0 23.0 GPB 7

0 GPB 8
1 1 GPB 12

.0002539 .0002539 .0002539 GPB 13
9.0 GPB 14
0.110 GPB 15
0.705 GPB 16

2 GPB 17
0.001708 19464. GPB 18
0.19474 37458. GPB 18

2 GPB 19
0.001754 19990. GPB 20
0.200 38470. GPB 20
1.787 GPB 15
0.106 GPB 16

2 GPB 17
0.001708 19464. GPB 18
0.19474 37458. GPB 18

2 GPB 19
0.001754 19990. GPB 20
0.200 38470. GPB 20
3.106 GPB 15
0.460 GPB 16

2 GPB 17
0.001708 19464. GPB 18

0.19474 37458. GPB 18
2 GPB 19

0.001754 19990. GPB 20
0.200 38470. GPB 20
0.000001 0.010 100.0 GPB 22

4 GP 6
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FIGURE 212, SPECIMEN 32, EVENT 79-345. SPECIMEN REFLIECTED
OVERPRESSURE TIME HISTORY
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OVERPRESSURE TIME HISTORY
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FIGURE 216. SPECIMEN 32, EVENT 70445, SPECIMEN REFLECTED
OVERPRESSURE TIME IUSTORY
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FIGURE 217. SPECIMEN 32, EVENT 7-345, SPECIMEN REFLECTED
OVERPRESSURE TIME HISTORY
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FIGURE 211. SPECIMEN 32, EVENT 76-34, SPECIMEN REFLECTED
OVERPRESSURE TIME HISTORY
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FIGURE 244. SPECIMEN 32, EVENT ?8-347, SPECIMEN REFLECTED
OVERPRESSURE TIME HISTOR1Y
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A -$33-12 V. ,b .. p33-1 53 1
S3S33-9

rrIP3~ -21S3-IIi Is3 /S3314_

I S33.6

$3-1i P3r-8A

II" " '
II ;:l /

3I IDETA- I I"
I b

S33-1 S 33 -3

P- 3 03-- S3

SPECI3E4 NO. 3

F CA D T DIECTION

T I DETAIL I - TYPICAL

I'i iS32-18 S33-

SPECIMEN NO. 33

SKIN/FRAME CYLINDER (24.0 IN. RADIUS)

FRAME CLAMPED AT TWO DIAMETRICALLY OPPOSITE POINTS

MATERIAL -6061-T742 ALUMINUM ALLOY

DENSITY - 0.0002539 LB-SEC
2/IN4

MODULUS OF ELASTICITY - 10.4x 106 PSI

YIELD STRESS - 20,480 PSI

ULTIMATE STRESS - 38,250 PSI

The skin was bonded to the frame and was not included
in the cross-section due to lack of shear transfer

Figure 300. Description and Instrumentation - Specimen No. 33
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NOVA-2LT DAlA DECK LISTING
TEST SPECIMEN 33

N N N NOVA-2LT DATA DECK FOR TEST SPECIMEN 33 
GP I

1 7 101 2 1 GP 3
0.50 GP 4

2 2 5 1 1 0 GPB 1
18 2 6, GPB 2

23.61 1.34 GPB 5
23.55 2.16 GPB 6
23.41 3.31 GPB 6
23.05 5.27 GPB 6
22.53 7.19 GPB 6
21.85 9.06 GPB 6
21.73 10.46 GPB 6
20.48 11.82 GPB 6
19.66 13.14 GPB 6
18.25 15.04 GPB 6
16.72 16.72 GPB 6
15.04 18.25 GPB 6
13.14 19.67 GPB 6
11.82 20.48 GPB 6
9.66 21.59 GPB 6
7.80 22.32 GPB 6
5.91 22.90 GPB 6
3.96 23.32 GPB 6
1.98 23.57 GPB 6
0.0 23.65 GPB 7

0 GPB 8
1 1 GPB 12

.0002539 .0002539 .0002539 GPB 13
9.0 GPB 14
0.108 GPB 15
0.704 GPB 16

2 GPB 17
0.001917 19941. GPB 18
0.19961 37244. GPB 18

2 GPB 19
0.001969 20480. GPB 20
0.2050 38250. GPB 20
0.597 GPB 15
0.154 GPB 16

2 GPB 17
0.001917 19941. GPB 18
0.19961 37244. GPB 18

2 GPB 19
0.001969 20480. GPB 20
0.2050 38250. GPB 20
0.0 0.010 20.0 GPB 22

4 GP 6
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